In the pigeon, the nucleus of the basal optic root, a component of the accessory optic system, projects directly upon the vestibulo-cerebellum. This nucleus receives a prominent projection composed of large-diameter retinal axons, known as the basal optic root. The cells of origin of this tract were identified using horseradish peroxidase (donor:hydrogen-peroxide oxidoreductase, EC 1.11. In all vertebrates, efferent nerve pathways from the retina terminate upon a number of distinct central nervous system structures including the optic tectum, dorsal and ventral thalamus, pretectum, and the accessory optic nuclei. Retinal neurons which give rise to these projections are known collectively as ganglion cells. Dogiel (1), Cajal (2, 3) and others have demonstrated that ganglion cells are a morphologically heterogeneous population and may be distinguished by variations in somatic size, configuration and lamina of dendrite distribution in the inner plexiform layer, as well as by axon caliber. Recently, West and Dowling (4) and West (5) have described as many as 15 morphologically distinct categories of ganglion cells in the ground squirrel retina.
known as the basal optic root. The cells of origin of this tract were identified using horseradish peroxidase (donor:hydrogen-peroxide oxidoreductase, EC 1.11.1.7) as a retrograde marker. Injections of horseradish peroxidase confined primarily to the basal optic root nucleus labeled displaced ganglion cells of the contra ateral retina. Cell sizes were [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .m and the dendrites of these cells were confined to the first stratum of the inner plexiform layer. Approximately 3700 displaced ganglion cells were labeled after injections of horseradish peroxidase into basal optic root. In contrast, no displaced ganglion cells were labeled after injections of horseradish peroxidase into the optic tectum, which labeled only cells in the ganglion cell layer proper.
These findings indicate that displaced ganglion cells constitute a unique population of retinal neurons that give rise to a bisynaptic pathway directed to the cerebellum via the nucleus of the basal optic root. These displaced ganglion cells may play a major role inoculomotor reflexes.
In all vertebrates, efferent nerve pathways from the retina terminate upon a number of distinct central nervous system structures including the optic tectum, dorsal and ventral thalamus, pretectum, and the accessory optic nuclei. Retinal neurons which give rise to these projections are known collectively as ganglion cells. Dogiel (1), Cajal (2, 3) and others have demonstrated that ganglion cells are a morphologically heterogeneous population and may be distinguished by variations in somatic size, configuration and lamina of dendrite distribution in the inner plexiform layer, as well as by axon caliber. Recently, West and Dowling (4) and West (5) have described as many as 15 morphologically distinct categories of ganglion cells in the ground squirrel retina.
The vast majority of ganglion cells are located in the ganglion cell layer proper, immediately above (distal to) the layer of optic nerve axons, but Dogiel (1) also noted the presence of large ganglion cells along the inner margin of the inner nuclear layer. These have subsequently been referred to as the "displaced ganglion cells of Dogiel," and are found in all vertebrate classes (6) . They are, however, particularly conspicuous in avian retinae (1) . Relatively little information is available concerning their anatomical and physiological characteristics (7) (8) (9) .
Confronted with the rich morphological variety of ganglion cells, many workers have sought to determine which ganglion cell types terminate within each central target. These studies, however, have relied almost exclusively upon the characteristic of cell size without utilizing information concerning the configuration and lamina of ganglion cell dendritic arborizations within the inner plexiform layer (10) (11) (12) (13) The present report provides evidence that, in pigeon, a morphologically distinct population of retinal ganglion cells, the displaced ganglion cells, give rise to a specific anatomical pathway, the basal optic root (BOR) which projects directly to the accessory optic nuclei. The accessory optic nuclei of the pigeon send a major projection directly to the vestibulo-cerebellum (14) (15) (16) . Thus, the displaced ganglion cells are the source of a major bisynaptic pathway originating in the retina and projecting upon the cerebellum via the nucleus of the basal optic root (nBOR).
METHODS
White Carneaux pigeons were anesthetized with intramuscular Ketamine Parke-Davis (0.1 ml/100 g of body weight). The wound edges were infused with Xylocaine during surgery.
Injections of 20% HRP (0.2-0.4 gl) were made stereotaxically into either the nucleus of the nBOR or into the optic tectum. (The accessory optic nuclei in the pigeon consist of two main components, nBOR and nucleus lentiformis mesencephali pars magnocellularis.) Twenty-four to sixty hours later, the pigeons were dark-adapted for 2 hr, anesthetized with ether, and perfused transcardially with 6% dextran in 0.1 M phosphate buffer (pH 7.2), and then with Reese-Karn'ovsky fixative (1% paraformaldehyde and 1.25% glutaraldehyde in 0.1 M phosphate buffer at 4°). The brain was frozen and sections were cut at 40 nm thickness on a sliding microtome. One out of every four sections was reacted for HRP by using the blue reaction of Washburn (17) . Sections were mounted and examined either in a dark field, or with crossed polarizers and a bright field/dark field condenser.
The retinae were processed in either of the following ways: (2) of the inner plexiform layer. A vertically orierted process, presumably the axon, could often be followed through the inner plexiform layer into the ganglion cell layer and the layer of retinal optic axons. The location, size, and dendritic arborization of these cells were also apparent in flat-mounted retina with the use of Nomarski optics. Fig. 1A shows an HRP injection in the right nBOR with labeled, displaced ganglion cells in the contralateral retina (Fig. 1B, and  C) . In this animal, the HRP reaction product was virtually confined to the BOR and nBOR, with only minor spread of label to the adjacent optic tract. Axonal transport of HRP could also be followed from the nBOR to the cerebellum via the ipsilateral brachium conjunctivum cerebellopetale and also into the ventral division of the oculomotor nucleus of the third cranial nerve.
The greatest number of labeled, displaced ganglion cells was observed both in the temporal portion of transverse sections taken around the center (horizontal meridian) of the eye, and in the more peripheral regions of the superior nasal and inferior temporal retina. Very few displaced ganglion cells were observed in the regions of the central fovea or in the "red field" (area dorsalis) of Galifret (18, 19 could be made in these sites, yet they were remote from the accessory optic nuclei, thus, nonspecific spreading of label into these structures was avoided. The labeling of ganglion cells in these experiments differed from that seen after injections into the nBOR. HRP label was never observed in the displaced ganglion cells in any region of the retina. However, heavy labeling in the ganglion cell layer proper was observed and was characterized by a high density of labeled cells confined to a restricted portion of the retina, corresponding to that area known to project upon the region of tectum containing the HRP injection (20) . These labeled cells also formed a continuous band, in contrast to the pattern of widely scattered cells observed after HRP injections into the nBOR. The majority of labeled cells after HRP injections into the tectum area were 10-12 ,m in diameter ( Fig. 2A and B (25) have suggested that the nBOR of amphibians and reptiles is involved in oculomotor control. Lazar (26) has described the effects of lesions in the accessory optic nuclei of frogs upon optokinetic nystagmus. Such lesions eliminated optokinetic nystagmus to stimuli moving in the contralateral visual field, and may have exerted their effect by abolishing responses to peripherally moving stimuli which trigger the fast phase of optokinetic nystagmus, thus bringing an image onto the higher acuity regions of the retina. Presumably, some other mechanism would then permit tracking movements mediated by areas of high visual acuity.
In conclusion, we have demonstrated that a well-defined population of retinal neurons, the displaced ganglion cells, project upon the nBOR, a component of the accessory optic nuclei. The accessory optic nuclei project directly to the cerebellum and possibly to the oculomotor nuclei as well. Thus; the displaced ganglion cells may be the origin of a "labeled line," lemniscal channel to the vestibulo-cerebellum which plays an important role in oculomotor reflexes (see Fig. 3 ). The existence of such a specific relationship argues against the notion that displaced ganglion cells are developmental anomalies, or that these cells have failed to migrate to the ganglion cell layer proper. We anticipate that further studies will reveal similar specificity in the central projections of displaced ganglion cells in other vertebrates as well.
